Introduction
============

The most frequent immunophenotype of non-Hodgkin lymphoma in children and adolescents is B-cell lymphomas (NHL-B). Burkitt\'s lymphoma (BL) is the most common subtype, corresponding to approximately 40% of cases^([@r01])^; it occurs worldwide and has endemic, sporadic and immunodeficiency-associated phenotypes^([@r02])^. The endemic form classically presents as a jawbone tumor in children of African descendency. Its incidence is high at 50-100 cases per million during the first 15 years of life(3). Sporadic BL has a low incidence and occurs without specific geographic or climatic associations. In contrast to adults, lymph node involvement is less common among children with extranodal sites being the most frequent presentation^([@r04])^. Immunodeficiency-associated BL mainly occurs in patients infected with human virus immunodeficiency (HIV) but also occurs in allograft recipients and in individuals with congenital immunodeficiencies^([@r05])^.

The pathogenesis of BL is universally associated with specific chromosomal translocations that lead to deregulation of the *c-Myc* oncogene. Other cellular genetic changes have been implicated in the pathogenesis including abnormalities of the p53-ARF pathways and environmental factors such as infection with Epstein-Barr virus (EBV) and malaria^([@r06])^. The interactions between these cellular and environmental events continue to fascinate the scientific community^([@r07])^.

Among human neoplasms, BL has the shortest doubling time. Its unequalled proliferation rate creates special challenges for diagnosis and treatment^([@r04])^. In addition, although BL is a highly aggressive lymphoma, 80% to 90% of children on risk-adapted chemotherapy are cured in the developed world^([@r08],[@r09])^.

The aim of this study was to contribute to the knowledge about the clinical course and identification of prognostic factors related to death in 45 children and adolescents followed up at a single teaching hospital over a 26-year period.

Methods
=======

In this retrospective cohort study, the medical charts of 50 consecutive cases of children and adolescents aged 16 years or less with *de novo* BL were reviewed. The patients were admitted to the Pediatric Hematology Unit, University Hospital, UFMG between January 1981 and December 2007. Five patients were excluded because of previous treatment at other institutions (n = 1), severe concomitant immunodeficiency (post-transplantation lymphoma; n = 1), bone marrow involvement (\> 25% L3-morphology blasts; n = 2), and an erroneous initial diagnosis (n = 1). In this latter case, the patient was initially diagnosed as BL on morphological grounds. After complete immunophenotyping characterization, the diagnosis was changed to lymphoblastic B-cell lymphoma.

The medical records were reviewed to collect demographic data (age, gender), clinical data (medical history, physical examination, nutritional status, clinical presentation), diagnostic procedures (imaging studies, bone marrow aspiration, cerebrospinal fluid - CSF analysis), staging, laboratory data (lactate dehydrogenase - LDH levels, blood counts, serum electrolytes, liver and kidney profile), treatment, and outcome. Diagnosis was made by incisional or excisional biopsy, or cytological examination of pleural or abdominal effusions. Karyotype studies were not available at the time.

All the diagnoses were confirmed according to the morphologic and immunohistochemistry criteria defined by the World Health Organization (WHO) classification(2). Immunohistochemistry was performed using monoclonal antibodies CD20, CD10, CD79a, CD30, CD3, CD15, TdT, CD45, and CD45RO. Confirmation of B-cell lineage by immunophenotyping required 50% or more neoplastic cells to express CD45, CD10, CD20, and CD79a. Pleural or abdominal effusions were examined by flow cytometry.

Clinical staging was based on the St. Jude Children\'s Research Hospital staging system^([@r10])^. Central nervous system (CNS) disease was diagnosed by the presence of morphologically identifiable lymphoma cells (regardless of quantity) in CSF, an intracerebral mass or cranial nerve palsy not caused by an extracranial mass. To evaluate malnutrition, Z-scores of weight for age (WAZ) and height for age (HAZ) were used^([@r11])^. The chosen cutoff point to discriminate undernourished from well-nourished status was a Z-score of less than 1.28 (10th percentile). Although less specific, it is more sensitive than the cutoff point of Z = -2.

The variables studied for a possible association with prognosis were gender, age, staging, nutritional status, serum LDH and kidney function.

Treatment
---------

Patients admitted between 1981 and 1987 were treated according to the modified LSA2L2 protocol of the Memorial Sloan-Kettering Cancer Center^([@r12])^. After 1987, the patients were treated with a BFM-83-based protocol (Berlin-Frankfurt-Münster)^([@r13])^. The first cycle of treatment was modified in patients with severe clinical events at diagnosis, such as a high tumor burden associated with pleural and peritoneal effusions, tumor lysis syndrome and sepsis. At diagnosis, all patients were vigorously hydrated and alkalized with NaHCO~3~ associated with allopurinol. Treatment of parasitic infection was performed before the beginning of chemotherapy.

Response criteria
-----------------

Complete remission (CR) was defined as the disappearance of all tumor masses confirmed by clinical examination and imaging investigations, when necessary one month after therapy. After the end of treatment, the patients were followed at 30-day intervals during the first year, at 60-day intervals during the second year and at 3- to 6-month intervals up to five years. Progression of the local tumor was defined if the tumor site showed no decrease in size after the initiation of chemotherapy. Relapse was defined as the recurrence of lymphoma with the same histological or immunophenotypic features as the initial one at any site after CR was achieved. Local relapse was diagnosed when it involved a previously involved site (except bone marrow and CSF).

Statistical analysis
--------------------

The time limit for the current study was the end of March 2008. The overall survival (OS) was defined as the time from diagnosis to date of death due to any cause or date of last follow-up contact for patients who were alive. The OS was analyzed using the Kaplan-Meier method. The analysis of prognostic factors was based on the OS and the comparison of curves by the log-rank test^([@r14])^. Data are reported as medians and interquartile range (IQ) or means and standard deviation (SD), when appropriate. The Mann-Whitney or Kruskal-Wallis tests were used to compare nonparametric continuous variables. Dichotomous variables were compared by the two-tailed chi-square test or Fisher exact test. The level of significance was set for a p-value \< 0.05. Statistical analysis was performed using the SPSS software (version 10.0). EPI INFO 6.0 was used to assess the scores of height for age (HAZ) and weight for age (WAZ).

Ethical issues
--------------

The study was approved by the Research Ethics Committee of UFMG. Written informed consent was obtained from the guardians of the patients and, when appropriate, from the patients themselves, according to the Helsinki Declaration.

Results
=======

Patient characteristics
-----------------------

The median age at diagnosis was 4.7 years (range: 11.5 months to 13.2 years). There was a predominance of males (2.8:1). Diagnosis was based on cytological examination of abdominal effusions in three patients (6.7%), pleural effusions in two patients (4.4%), and on tumor biopsies for the other cases. Immunohistochemistry was performed in 29 patients. For one patient immunohistochemistry was inconclusive because of technical problems with the fixing of samples. Malnutrition, as defined by WAZ and HAZ, was present in one third and one fifth of the patients, respectively. The clinical and demographic characteristics of the patients are shown in [Table 1](#T1){ref-type="table"}. Abdominal tumors, occurring in 30 patients (66.7%), were the most common presenting feature. Abdominal involvement was associated with disease at other sites, such as pleural and abdominal effusions, and peripheral lymphadenopathy. Mediastinal involvement and facial involvement were observed in three patients (6.7%) and six patients (13.3%), respectively. Of these latter children, jaw tumors were observed in three patients and tumors located in the nasopharynx in the other three. Other involved organs included peripheral lymph nodes (two patients) and CNS (one patient). Three patients had more than one site of involvement; two had the involvement of abdomen and thorax and one had the involvement of the abdomen and paravertebral region. Of the patients with abdominal tumors, 18 underwent laparotomy, with total resection of tumor in 12 (26.7%) and partial resection in six (13.3%). Most patients had advanced disease (31 patients - 68.9%). Stage was reported for 44 patients: 13 were Stage II (28.9%), 28 Stage III (62.2%) and three Stage IV (6.7%). Serum LDH levels at diagnosis were available for 22 of the 45 patients with mean serum LDH being 676.5 IU/L (range: 112 to 7407 IU/L). Serum uric acid levels were available for 42 patients with a mean value of 5.4 mg/dL (range: 0.8 to 41.0 mg/dL). For 40 patients, the mean serum urea and creatinine levels were 23.5 mg/dL and 0.6 mg/dL, respectively. Serum potassium was available for 29 patients, with a mean value of 4.2 mEq/L (range: 3.0 to 5.2 mEq/L). Eleven patients (24.4%) received the LSA2L2 protocol and 30 patients (66.7%) the BFM-83 protocol. The other two patients were treated with other protocols and two patients died before the start of chemotherapy.

###### 

Baseline clinical characteristics of 45 children with Burkitt\'s lymphoma (n = 45)

  **Characteristic**                          **n (%)**
  ------------------------------------------- ------------------------
  **Gender**                                   
      Male                                    33 (73.3)
      Female                                  12 (26.6)
  **Clinical presentation (site)**             
      Abdomen                                 30 (66.7)
      Mediastinum                             3 (6.7)
      Facial                                  6 (13.3)
      Other sites                             6 (13.3)
  **Clinical stage**                           
      I-II                                    14 (31.1)
      III-IV                                  31 (68.9)
  **Diagnostic procedure**                     
      Cytopathology                           5 (11.1)
      Biopsy and histological examination     40 (88.9)
      Immunophenotyping                       29 (64.4)
  **Nutritional status (WAZ)\***               
      \< -1.28                                15 (33.3)
      \> -1.28                                30 (66.6)
  **Nutritional status (HAZ) †**               
      \< -1.28                                8 (20)
      \> -1.28                                32 (80)
  **Age at diagnosis (years) Mean (range)**   4.7 (11.5 m - 13.2 y )

\* WAZ: Z score for weight in relation to age

† HAZ: Z score for height in relation to age; there was no record of height at admission for 5 children

Outcome
-------

Complete remission was observed in 38 patients (84.4%). During follow-up (median: 35 months; range: 1 to 60 months), 33 patients (73.3%) were alive at the first CR. Twelve children (26.7%) died, two of them soon after admission without receiving anticancer treatment. Eight died during the initial phase of chemotherapy and two after recurrence of the tumor in the CNS. The deaths were attributed to infection (n = 4), tumor lysis syndrome, refractory disease (n = 3) and \"malignant hyperthermia\" (n = 1). No information about the immediate cause of death was available for three patients. The estimated OS for all patients was 73% ([Figure 1](#F1){ref-type="fig"}). The likelihood of OS for patients with localized disease and advanced disease was 92.3% and 67.7 %, respectively (p-value = 0.1 - [Figure 2](#F2){ref-type="fig"}). Age, gender, LDH, potassium, urea, creatinine and nutritional indices were not significantly associated with patient outcome ([Table 2](#T2){ref-type="table"}). OS was 89.2% for patients with uric acid of less than 7.0 mg/dL at diagnosis and 35.7% for patients with uric acid levels of 7 mg/dL or higher (p-value \< 0.001 - [Figure 3](#F3){ref-type="fig"}).

![Survival of 45 patients with Burkitt's lymphoma. Small vertical lines on the curve represent patients alive at follow-up (Kaplan-Meier)](rbhh-34-361-g01){#F1}

![Survival of 45 patients with Burkitt's lymphoma, stratified by localized *versus* advanced clinical stage. Small vertical lines on the curve represent patients alive at follow-up (Kaplan-Meier; log-rank test for comparison between survival curves)](rbhh-34-361-g02){#F2}

###### 

Factors associated with death of children with Burkitt\'s lymphoma

  **Variable**                     **Dead**   **Surviving**   **p-value (log-rank)**
  -------------------------------- ---------- --------------- ------------------------
  **Gender**                                                  
      Male                         9          24              0.99
      Female                       3          9               
  **Age at diagnosis (months**)                               
      \< 48                        3          10              0.90
      ≥ 48                         9          23              
  **LDH (IU/L)\***                                            
      \< 500                       0          7               0.22
      ≥ 500                        3          12              
  **Uric Acid (mg/dL)\*\***                                   
      \< 7                         3          25              \< 0.001
      ≥ 7                          9          5               
  **Potassium (mEq/L)†**                                      
      \< 4.2                       3          15              0.96
      ≥ 4.2                        3          14              
  **Serum creatinine (mg/dL)\#**                              
      \< 0.8                       8          25              0.34
      ≥ 0.8                        4          7               
  **Weight-age Z-score**                                      
      \< -1.28                     3          12              0.50
      ≥ -1.28                      9          21              
  **Height-age Z score)**                                     
      \< -1.28                     1          7               0.50
      ≥ -1.28                      7          25              
  **Clinical stage††**                                        
      I-II                         1          12              0.50
      III-IV                       10         21              

\*Available for only 22 patients at diagnosis

\*\*Available for 42 patients at diagnosis

† Available for 29 patients at diagnosis

†† Available for 44 patients at diagnosis - one patient died before staging

\# Available for 40 patients at diagnosis

![Survival of 45 patients with Burkitt's lymphoma, stratified by serum uric acid. Small vertical lines on the curve represent patients alive at follow-up (Kaplan-Meier; log-rank test for comparison between survival curves)](rbhh-34-361-g03){#F3}

Discussion
==========

In Brazil, despite well-established nationwide collaborative studies for the treatment of acute leukemia and several solid tumors, the majority of children who have B-NHL are treated according to local experience and single-institution protocols. This retrospective cohort study reports the results of a single service in the State of Minas Gerais, Brazil. Most of the characteristics of BL that presented in the children studied here were similar to those reported for the sporadic forms of BL. The mean age at diagnosis of our cohort was 4.7 years, similar to that reported for the US and Europe, which ranged from 5 to 9 years^([@r09],[@r15])^. As also reported in previous studies, there was a clear predominance of males. This fact may raise the question of whether a tumor-suppressor gene for BL might be located on the X chromosome^([@r15],[@r16])^.

The main clinical presentation reported among patients with sporadic BL is the presence of abdominal tumors(15). In the present study, this was also the most frequent clinical manifestation. The predominance of intra-abdominal sites, mainly in the right ileocecal region, was similar to another Brazilian study (75%)^([@r17])^. In areas of endemic BL, jaw tumor is more common and may affect as many as 60% of children with one third of them having involvement of the CNS at diagnosis. Outside endemic areas, the frequency of jaw involvement is around 15% and CNS involvement is uncommon, except if there is concomitant HIV infection^([@r05],[@r18])^. In our study only one patient had CNS-positive disease at diagnosis; no inherited or acquired immune deficiencies were present and this patient remains in first clinical remission.

Because of high tumor growth fraction, in general, patients show up with advanced disease. So, approximately 70% to 90% of patients present widespread disease at diagnosis^([@r04],[@r18],[@r19])^, as observed in this series.

Many studies have contributed to the identification of possible risk factors for a bad prognosis, such as age, gender, response to treatment, CNS or marrow involvement, and chromosomal abnormalities, such as del(13q) and +7q^([@r20],[@r21])^. Bulky disease, estimated through staging systems, resection status and serum LDH levels, seems to be an important adverse prognostic factor^([@r15],[@r16],[@r19],[@r22])^. Thus, it has been shown that a high LDH concentration has a negative impact on prognosis^([@r15],[@r22])^. Among our patients, LDH was not a statistically significant factor, but LDH values were registered in only half of the patients\' records. It has also been considered that a staging system that incorporates the situation of tumor resection and LDH levels seems to be a better indicator of prognosis than disease stage alone^([@r22])^.

Another way of estimating bulky disease, although uncommonly used, is based on uric acid concentration at diagnosis. Advanced clinical stage, the presence of antibodies to EBV early antigen (anti-EA) and high concentrations of uric acid and LDH were associated with a significantly poorer outcome in African children with BL. The authors concluded that the tumor burden, evaluated by the high concentrations of uric acid and LDH, was the most important prognostic factor in BL^([@r23])^.

In a study of Buyukpamukçu et al. high levels of creatinine and urea had a significant negative impact on the survival of 104 children with NHL, 59 of whom were NHL-B^([@r24])^. However, our findings did not corroborate these results. On the other hand, a high concentration of uric acid at diagnosis was a strong predictor of adverse outcome in our patients. Therefore, tumor lysis syndrome also occurs prior to starting chemotherapy and uric acid can be another good marker of tumor burden.

In this study, 12 patients (26.7%) died, a very similar situation to that reported for African children (23.8%)^([@r25])^. However, this rate is much higher than that recorded in developed countries, which is around 2.8%^([@r15])^. The higher mortality rate for patients treated in low-income countries may be due to a lack of supportive care required by the chemotherapy scheme employed. Another problem is malnutrition. These children are probably at increased risk for therapy-related toxicity, including life-threatening infections^([@r26])^. In the present cohort of patients, one third had malnutrition at admission, a rate similar to that reported among African children with BL (38.6%)^([@r25])^.

In most treatment regimens currently used for childhood and adolescent B-NHL the key component is HD-MTX in both developed^([@r08],[@r09])^ and developing countries^([@r27])^. However, dose and administration schedules vary considerably. Some low-income countries such as Brazil, Argentina, Lebanon and Iraq have reported improved survival rates of children with B-NHL, although the MTX dose did not exceed 2 g/m2^([@r17],[@r18],[@r28])^. The present study demonstrates that it is possible to obtain satisfactory results with the use of MTX at a dose of 0.5 g/m2, because only two patients relapsed and the other ten died of infectious or metabolic complications before or at the beginning of treatment.

In African countries, the limited availability of drugs, insufficient supportive measures, low social and cultural levels, distance from the referral hospital, and political instability have an adverse impact on patient compliance and inevitably on the outcome of treatment^([@r29])^. The survival of children with B-cell NHL living in these regions ranges from 50.5% to 79% depending on the intensity of treatment^([@r03])^. Although the overall outcomes do not compare with the experience of centers in Europe and the US using more intensive regimens, the results remain impressive. It is noteworthy that some of these countries provided a minimum of therapy such as cyclophosphamide monotherapy^([@r26])^. This also underscores the need to fully understand biological and socioeconomic differences within the same disease group in an attempt to tailor therapy and minimize toxicity. It is possible that the poorer outcome in underdeveloped nations is not just a reflection of socioeconomic factors, but also of unique biological differences. It becomes increasingly clear that understanding the molecular and genetic signatures of NHL-B can lead to novel therapies and better survival^([@r30])^.

Conclusion
==========

Our findings confirm a favorable prognosis for a significant number of children who are survivors of BL after treatment with an intermediate dose of MTX. The challenge remains to identify those patients who are at a higher risk of relapsing, because they may require more aggressive therapy. In countries with limited resources, the challenge is to plan treatment intensity so that morbidity is manageable, without significantly decreasing the survival rate. The observation of a significantly lower survival in children and adolescents with uric acid concentrations of 7 mg/dL or higher at diagnosis is also very interesting, suggesting that the concentration of the metabolite may be a good marker of tumor burden, but further studies are needed to corroborate this finding.
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